The retarded long-range potentials for hydrogen and alkali-metal atoms in their ground states and a perfectly conducting wall are calculated. The potentials are given over a wide range of atom-wall distances and the validity of the approximations used is established.
where α(iω) is the atomic dynamic electric dipole polarizability evaluated at imaginary frequency iω and α fs = 1/137.035 989 5 is the fine structure constant. We use atomic units throughout. For small distances Eq. (1) has the limiting form
where
As the distance increases, retardation arising from the finite speed of light becomes increasingly important and V (R) approaches its asymptotic form, a simple power law,
where K 4 = 3α(0)/8πα fs = 16.36 α(0).
A method has been developed to calculate directly the dynamic electric dipole polarizability corresponding to an electron in the presence of a central core field [15] . It gives the function α(iω) for hydrogen exactly. Combined with a correction reflecting the polarization of the alkali-metal core by the valence electron [15, 16] , we used it with a model potential for the field of the positive-ion core seen by the atomic valence electron [15] to obtain the functions α ′ (iω) for the alkali-metal atoms, where the prime has been introduced to indicate the results for the alkali-metal atoms obtained using this method. In determining the correction, measured values of α(0) were adopted. For Li, K, Rb, and Cs the values of α(0)
are those given in Ref. [17] . For Na the value α(0) = 162.7 [13] was used, yielding a value of the cutoff radius r c = 2.860 812 8 in the core-polarization correction compared to the values α(0) = 159.2 and r c = 0.379 266 0 of Ref. [15] . The values of α(0), and the corresponding values of K 4 , are listed in Table I .
The calculated values for V (R) for hydrogen and the alkali-metal atoms are given in Table II . Eq. The function α ′ (iω) is an excellent approximation to the exact dynamic polarizability α(iω) for photon energies ω greater than the first excitation threshold of the core [18, 19] , which means, accordingly, that V (R) will be most accurate for values of R > ∼ 1/(α fs E opt ), where in atomic units, E opt is the energy of the first excitation transition. The model potential method does not completely account for inner shell contributions to the oscillator strength distribution and the resulting error in α ′ (iω) leads to a corresponding error in the evaluation of V (R) for small R.
For Na, Kharchenko et al. [20] constructed a semi-empirical representation of the function α(iω), which explicitly included core contributions, using a combination of theoretical and experimental photoionization and photoabsorption cross sections, and evaluated V (R) using Eq. (1). To determine the accuracy of the potentials in the present work, the ratio of the potential obtained using α ′ (iω) to the potential obtained using the empirical α(iω) was calculated. It is given in Fig. 2 . For Na, the optical transition energy is E opt ∼ 0.077, suggesting that the ratio should be near unity for R > ∼ 1800, which it is, as seen in Fig. 2 .
The potential calculated using α ′ (iω) underestimates the true potential by 5% at R = 200
and by 2% at R = 500. [20] .
